Growing populations coupled with rapid industrial growth is driving increased energy consumption in the developing world. Energy grids in developing countries have historically struggled to meet requirements and will continue to do so if strategy and pace of grid development is unable to keep up with increasing demands. As growing populations continue to seek access to energy sources it is important that these efforts be sustainable not only economically and socially but also environmentally. This study attempts to review ongoing efforts in some of these countries aimed at enhancing their renewable source generation capacity, its integration into the national grid and energy storage capability addition required to support integration and grid reliability.
Introduction
Affordable power for allwhile that may sound like a lofty goal (some might even say utopian), there is ample data supporting a strong positive association between human development and energy consumption for developing nations.
1 While considerable progress has been made and several more efforts are ongoing, available data from 2013 2 suggests 17% of the global population does not have access to electricity. Even among those with access many suffer from poor quality of supply. Over 95% of those without access to power were in sub-Saharan Africa and developing Asia, predominantly in rural areas. About 38% of the world population continues to rely on solid biomass for cooking, developing Asia (50%) and sub-Saharan Africa (80%) dominating the world totals.
Coupled with this dire energy access scenario, a quick look at future population trends suggests most of world population growth continues to occur in the developing world.
3 It is projected that by 2050 as much as half of world population would be living in just nine countries all part of developing world except for USA 4 . It goes without saying that those parts of the world are the ones most challenged for affordable electricity. This is driving policymakers in those countries to accord top priority to reinforcing electric power grids not only to serve existing population better but also be economically, environmentally and socially sustainable to support the expected growth in population. Success with these efforts is not possible without support from the developed world because resources within developing world are already straining under existing demands. With free flow of trade and goods across the world, economic activities fueling human development in the developing world are increasingly supporting needs in the developed world e.g. business process outsourcing for manufacturing and services. Environmental and in some cases, social impacts of these activities may be global rather than local.
It is not surprising then that with global support, developing countries have adopted aggressive time frames to extend affordable power to most if not all of their population. At the same time it is clear that currently prevalent models for energy production and distribution may not be sustainable for future generations. 5 There is an urgent need to accelerate investment in alternate technologies so growing energy demand can be met in a sustainable manner. It is encouraging to note that developing nations are aligned with developed nations in having a Clean Energy Plan as part of their strategic long term goals. This is evident in their support for the Paris climate summit (COP21) goals and as this review suggests their support for initiatives to clean up their national energy mix by investing in renewable sources. Variable nature of clean energy sources such as wind, solar or tidal means that support is also needed to develop energy storage capabilities while their geographical nature means that transmission and distribution capabilities are needed for integration in a wide area implementation to support grid reliability.
State of Grid in Developing Countries
Typical energy grid of today consists of three parts generation, transmission and distribution A review of available data from developing countries such as India, China and those of sub Saharan Africa shows energy issues commonly faced are non-sustainable primary sources, inadequate grid capacity to meet current demands, ageing grid infrastructure and grid expansion efforts lagging projected demands. Where renewable energy sources (RES) are available, rate of integration into the energy mix is inadequate to help meet their target time frame mostly due to slow pace of projects and not enough investment being made into grid upgrades to A close look at data on primary sources of energy for these developing countries over past years reveals fossil fuel usage has risen and continues to provide bulk of energy requirements. This paper reviews a few ongoing initiatives aimed at development and integration of renewables in the developing regions in Asia and Africa to understand focus, implementation status, lessons learned and path going forward. 
Ongoing RES initiatives in India
Per an International Energy Agency report 7 , India is set to contribute more than any other country to the projected rise in global energy demand by 2040..Over 50% of new generation capacity in 2040 comes from renewables and nuclearUncertainty over the pace at which new large dams or nuclear plants can be built means strong reliance on solar and wind power (areas where India has high potential and equally high ambition) to deliver on the pledge to build up a 40% share of non-fossil fuel capacity in the power sector by 2030.
Solar in India
With an average of 300 days of sunshine every year, India has among the best potentials in the developing world to harness solar energy.
8 Current installed on-grid capability is around 8.5 GW per data available end of September 2016. 9 In addition to grid-available capacity, solar power is also being developed for localized off-grid needs to support rural electrification initiatives. Focus so far seems to be largely on solar photovoltaic (PV) technology. For most areas where solar power is an option, Concentrated Solar Power (CSP) may seem to have higher Levelized cost of energy (LCOE) 10 vs PV. However for a few areas e.g. desert areas in the west and some sparsely populated areas in central India 11 CSP is considered an attractive option given its dispatchability and suitability for thermal energy storage. 12 Going forward India has announced plans to source at least 40% of its energy needs from renewable sources by 2030 including 100 GW of solar energy by 2022.
13

Wind Power in India
India made an early start in wind power with the first wind farm installation in 1986 on the western coast. Potential for wind power generation for the grid in India is estimated at over 100 GW.
14 Current installed capacity is close to 28 GW which puts India in the 4th place after China, USA and Germany in terms of grid connected wind power installations 15 . Most current installations are land based and utility-scale. Role of wind power is limited to adding capacity to state grids and does not extend to the national grid. Going forward plans for renewables include a target of 60 GW of installed wind power by 2022.
Challenges and the Road Ahead
To meet growing energy requirements in a sustainable way, India is targeting 175 GW of installed capacity from renewable energy sources by 2022, including 100 GW from solar and 60 GW from wind, thereby increasing primary energy mix contribution of both from present 10% to 30%. According to some studies 16 to meet these goals India needs to increase its pace of renewable energy capacity addition seven times, from an average 3GW/year to 20+ GW/year. Just to put it in proper perspective, since 2007 the country has averaged only 15 GW of new power capacity each year from all sources.
Wind power generation is mostly confined to eight states in coastal areas being used in utility-scale applications.
17 Close to three quarters of generation capacity is limited to five monsoon months when wind supply is plentiful. Lack of an appropriate regulatory framework to facilitate purchase of renewable energy from outside the host state, inadequate energy storage capability and lack of grid connectivity results in a low capacity utilization factor of close to 20%.
Large scale deployment of solar power only started in 2010 but the federal government seems committed to charting a path to success for meeting its goals. Recognizing the potential of solar energy for developing countries, at the third India Africa Summit, India invited the sunshine countries (around 120 countries either completely or partly located between the Tropic of Cancer and the Tropic of Capricorn) to join an International Solar Alliance to boost cooperation in developing solar energy and collaborate in addressing identified gaps through a common agreed approach. 18 This alliance was formally launched at the COP21 where India and France both pledged their support for this alliance. 19 Per capita land availability in India is low which impacts any new solar as well as wind power projects. National Offshore Wind Energy Policy announced in 2015 and a draft SolarWind Hybrid policy announced 2016 are expected to help minimize impacts.
Inadequate transmission infrastructure, open access issues, poor financial health of distribution companies, and a complex legal and regulatory framework for the power sector will continue to pose, at least for some time, significant challenges for growth of RES generation and integration.
For electrical energy storage (EES), review suggests currently available capabilities are aimed at supporting off-grid and localized usage.
20 Most existing energy storage capability is in the form of battery storage with a combination of lead acid battery and inverters. Li-ion batteries usage is limited so far to consumer portable electronics. For variable RES like solar and wind to become a larger component of the national energy mix, significant advancements and investments in EES would be needed. Grid upgrades like smart metering, islanding capability and EES capabilities can help integrate these off-grid or mini grid installations into the national grid. For a country like India with high population density and industrial consumers likely away from RES generating locations, a unified national grid should prove cost effective and efficient. Policy makers are thinking in that direction as evidenced in federal government supporting a higher cap-
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A rather unique challenge for India is Aggregate Technical and Commercial (AT&C) Losses. Studies suggest AT&C losses could be as high as three times the power deficit. 22 This could be important not just to support a robust national grid but to sustain the much needed private sector participation in the expansion of the grid. Before integrating a privately operated mini grid to the state owned grid, operators may need to have assurance of adequate returns.
Pumped Hydroelectric Energy Storage (PHES) in India -Motivation to use pumped hydro in India comes primarily from the desire to meet peak electrical demand. Peak power capacity is short of the peak demand in most states by 10 to 15%. The aim for pumped storage plants is therefore to shift available electricity from off-peak to peak hours. However most existing PHES plants have been unable to perform to their full potential due to insufficient availability of off-peak electricity. 23 This has meant that many mixed PHES stations have achieved much less than their designed pumping time, and thus their energy output has been lower than projected.
24 Going forward there seems to be renewed interest in PHES in the north and north eastern part of India mostly due to topographical considerations 23 which makes PHES more attractive over batteries for the same amount of energy storage. One of the largest PHES projects is an upcoming 1 GW plant for which off-peak power will be supplied by four neighboring beneficiary states. 25 The national electricity authority plans to add 10GW of PHES over the next six years to take advantage of the new generation capacity addition.
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Ongoing RES initiatives in China
It is expected fossil fuel usage in China may see an increase in the near term before a slowdown in economic growth and improvement in efficiencies cause total energy usage to level off and then decline as evident in below figures. 27 Under a high RES penetration scenario it is projected that by 2050, 85% of Chinas total power generation will be provided by renewable power and 60% by variable renewable power such as solar and wind.
Wind Power in China
Quite a few studies suggest wind power can replace coal usage completely in China. 28 Large parts of northern and western China have excellent potential for wind energy and reports suggest China has added over 20GW of capacity every year in the recent past. 29 Current plans are to add another 100 GW of installed wind power capacity by 2020 and data suggests the country could well be on track to generate more than a quarter of its electricity While areas in China may not be as blessed in terms of sunshine as India, there is still potential in some areas notably in the western parts. Last year China became the worlds largest producer of PV power surpassing Germany. 31 China also leads the world in PV module manufacturing and plans to triple its solar capacity by 2020 adding about 15-20 GW capacity per year for the next few years taking its installed capacity to 140 GW. Though recent reports suggest a slowdown in the world market and issues with domestic curtailment due to grid restrictions may have prompted a revision to this target.
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Challenges and the Road Ahead
Since windiest areas are typically sparsely populated regions with low demand, transmission grid expansion is needed if this wind power has to be accessible to rest of the consumer population especially the growing eastern and southern industrial parts of China. 33 This equally applies to solar PV farms which might be located in western parts of China.
Existing wind farms and solar PV farms are facing challenges incorporating into the grids. Even though China continues to lead the world in terms of being a producer as well as a market for wind power, it lags behind when it comes to grid connected wind power utilization. Wind power curtailment is not uncommon as supporting capability of grid systems remains weak. 34 With six wide area synchronous grids, China currently lacks a nationwide grid which further limits transmission capabilities.
Not surprisingly energy storage efforts in China are principally focused on renewable energy grid integration in the Northwest. Applications include ancillary services, large scale renewable energy grid integration, and distributed energy and minigrid applications.
35 Distributed storage set-ups for industrial users are also increasingly becoming popular. Technologies involved include leadacid storage, Li-ion, and redox flow batteries.
Pumped Hydro Electric Storage (PHES) -China currently has over 15 pumped energy storage plants each with a capacity over 1 GW with about five more similar plants under various stages of construction.
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One of the main challenges energy storage initiatives face is the slow pace of policy guidance evolution. Unlike developed countries where adequate generation capability and a relatively robust national grid might allow energy storage to develop as an independent industry, in China and to a large extent in India where energy storage is needed to supplement the grid, there may be a need to include energy storage within the overall grid reinforcement policy guidance.
Ongoing RES initiatives in Sub-Saharan Africa (SSA)
Review indicates that while China and India may be faced with common energy issues in that both rely to a great extent on fossil fuels for their primary electricity needs, for sub Saharan Africa primary source of energy for large parts of the population is use of biomass for cooking and heating. Low fossil fuel usage and low level of industrial activities mean sub Saharan Africa is not as much of an energy related CO 2 emitter as China and India. Probably one of the reasons why national policies in SSA may be more aimed at improving generation capacity than reducing GHG emissions. However typical biomass usage has poor efficiency and other well documented implications for public health and environment. It is clear a new direction is needed to increase and im-prove energy usage in this part of the world and local renewable energy sources must be integrated into the national efforts for expanding electricity access to align with global sustainability efforts. 37 
Solar Potential in SSA
With more than 2100 kW h m 2 most of Africa has high solar radiation intensity for most part of the year with the highest intensity in the Sahara and Kalahari deserts which means solar power can be an economically viable source in these areas. 38 Most of sub Saharan African countries are part of the Sunshine Countries and the International Solar Alliance is expected to play a major role in supporting sustainability goals as noted earlier. However low population density and hence low demand in these areas means significant improvement in transmission capabilities and storage capabilities would be needed to transmit most of the generated power out to where bulk of consumers might be. Lack of growth in these capabilities could mean large solar projects may not be economically viable due to curtailments.
Wind Power Potential in Sub-Saharan Africa
Most of SSA with landlocked nations is considered to have low wind power potential however there have been some implementations of wind power in small minigrid type applications in mountainous areas where wind speeds may be favorable but grid expansion may not be viable.
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Hydropower Potential in Sub-Saharan Africa
Hydropower is considered a promising alternate source of supply for all of Africa accounting for a fifth of total electricity supply 39 with hydropower generation 5% to 10% of the total technical potential, equivalent to 10% to 20% of the total economically feasible potential. The remaining hydropower technical potential is between 100 GW to 150 GW, but will require significant investment in transmission lines to connect projects to demand centers, and special attention to sustainability aspects. 40 For SSA, studies suggest over 90% of economically feasible potential hydropower sites are unexploited. 37 This would suggest that in areas where large hydroelectric projects are feasible it can provide baseload support and peakload support while in other areas it can provide peak-load support via PHES Challenges and the Road Ahead for SSA Currently close to 80% of the communities in sub Saharan Africa lack connection to the power infrastructure.
While efforts are on to develop the transmission and generation infrastructure, it is clear that population growth will continue to outstrip supply and distribution capacity addition. Per IEA Energy Outlook for SSA 41 based on projections for 2040, even though generation capacity quadruples with half the growth coming from renewables and mini-grid and off-grid systems provide electricity to 70% of those gaining access in rural areas, about a third of the population primarily in rural communities is still without access to electricity. It is clear that even for mini-grid and off-grid systems to be viable 42 , RES generation has to be coupled with energy storage to even out variability in supply. Some of the options available for EES include batteries -for energy intensive applications (e.g. load levelling, renewable integration) storage devices with low power/capacity ratio are preferable, for instance sodium-sulphur or lead-acid batteries; while for power intensive applications (e.g. primary frequency regulation, customer-side peak-shaving) high power/capacity may be preferred, such as ZEBRA or lithium-ion batteries.
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Since grid access will continue to be an issue in the foreseeable future, Hybrid Systems (Solar PV with Diesel Generating sets) are also being looked at as viable means to increase access to power in some remote areas e.g. in Nigeria which has ample petroleum reserves. That may require additional efforts to ensure sustainability goals are met e.g. Clean diesel, Emission Mitigation etc.
Pumped Hydro Electric Storage (PHES) in SSA With immense untapped hydroelectric potential PHES can be an attractive energy storage option in areas with variable renewables potential.
Conclusion
Review so far confirms that access to affordable electricity is universally recognized as essential to national human resource development and developing economies are no exception. Energy usage in the developing world is on the increase with investment in grid development on the rise and energy storage needs to be a significant facilitator in that direction. Sustainable sources are increasingly, though incrementally, finding a place in their energy mix.
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Major grid reinforcement efforts in the developing world can be broadly categorized as 1. Adding new infrastructure to connect remote parts of the country to the national grid 2. Replacing ageing infrastructure 3. Upgrading existing infrastructure to support integration of RES While some countries have made significant strides towards extending the national grid to rural areas (notably in China 45 and to some extent in India 46 ) data from sub Saharan Africa 47, 48 demonstrates lot more work remains to be done. Grid expansion should not be limited to imply infrastructure growth alone. In cases where the grid has expanded to include more and more villages so they can be considered electrified, it may not necessarily mean all villagers have reliable access to electricity.
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As this review shows while grid expansion may help bring affordable power to those who may have lacked such access due to poor connectivity, much remains to be done to ensure adequate generational capacity is also added to the grid to support the rapidly increasing consumer base. Lagging generation capacity is where energy storage can add significant value for human development.
In remote areas where expanding the national grid may not be as cost effective or in cases where not enough generational capacity may be available on the grid to support expansion, path to success may require different paradigms for power generation, distribution and usage if goal of affordable power for all is to be met through sustainable means. This is very much apparent in some of the reports reviewed where concepts like distributed generation, mini grids were successfully implemented. While these efforts may not substitute for a national grid connection to support energy consumption to the extent available in urban areas, these efforts do allow meeting basic electricity needs to help further human development. Other initiatives that may be working towards a similar tiered approach were not considered as part of this review. There may be some value in further research into such initiatives that may focus on existing technologies to help bring them close to sustainability standards e.g. dedicated diesel-generating sets with additional emission controls. Such technologies may help close the gap between mini-grids and the national grid in terms of support for more loads.
Review shows sustainable energy for all (se4all 50 ) strategy needs to be cost effective as resources are limited. This requires existing strengths to be leveraged to promote community acceptance and participation. Review also suggests strategy for the developing world needs to have diverse approach with initiatives focused largely on what might work best in a particular area rather than implementing a solution that might have worked best in another.
